Hematological profiles of cyclists fluctuates are based on the volume/frequency/intensity of training. The present study examined the effects of training load on the cyclist's biochemical profile which may be associated with over training. Twelve male cyclists volunteered to participate in this study. The participants completed a systematic training program which was divided into four phases i.e. phase I (560 km, continuous aerobic training), II (680 km, continuous aerobic training), III (720 km, aerobic and anaerobic interval training) and IV (560 km, continuous aerobic training). Blood samples were collected at the end of each phase. The hemoglobin level of the cyclists increased throughout the training cycle whereas iron level increased till the third phase and decreased in the fourth phase due to alteration in training. Hemoglobin level was high during the IV phase and this was due to the lowest volume/frequency of training given to the cyclists in final phase. Total Iron Binding Capacity (TIBC) level was elevated during the competitive phase, due to the high volume / intensity during III phase. The depletion of ferritin was high during phase II which was associated with a 21% increase in training volume after the first phase. The highest intensity, volume and frequency of E2S training (phase III) were associated with a large increase in Creatine Phosphokinase (CPK), Lactate Dehydrogenase (LDH) and cortisol levels, demonstrating a significant decrease in testosterone that showed the over-trained state. Hence, these biochemical markers are important in monitoring athlete's training load as these parameters are altered with the training intensity, frequency and volume of training given to the cyclist.
INTRODUCTION
Maximization of the athlete's performance is achieved by proper training. Physical performance is based on strength, endurance, speed, co-ordination, and flexibility. To be successful in competitive road-racing, a cyclist must possess both endurance and sprint capabilities (1) . Sports trainings refer to specialized strategies and methods of exercise used in various sports to develop athlete's physical fitness and performance. Training programs are designed to improve performance by developing the appropriate energy sources, increasing muscular structures and neuromuscular skill patterns (2, 3) while the three important variables of the training program are volume, intensity and frequency. Training volume is the total amount of work performed within a specified time period; it refers to the total quantity of work, i.e. kilometer of cycling. Training intensity is defined as an athlete's level of effort compared to their maximum effort; it indicates the quality of training, i.e. the percentage of maximum heart rate (4) . Frequency refers to the number of training sessions completed in a given period of time (5) (6) (7) . Several studies have demonstrated on physiological adaptation to training but the literature is limited for biochemical adaptation over a systematic training program in elite cyclists (8, 9) . The peripheral adaptation to training includes enzymatic, biochemical and hormonal (10, 11) .
It is well known that iron profile is associated with anemia; even mild anemia impairs all-out athletic performance (12) (13) (14) . In athletes, hemoglobin level is increased with increased training load i.e. intensity / volume / frequency and these increments are due to increased plasma volume (15) . Several studies showed that the training load given to athletes modified the iron, ferritin and total iron binding capacity level in different phases of the training (1, 7, 16) .
It is generally recognized that training and physical activity of the athletes induces considerable stress on the neuroendocrine system. The interplay between anabolic and catabolic processes that takes place as a consequence of exercise and recovery plays a vital role in mediating the physiological adaptations to physical training (17) . Endogenous hormones are of major importance both in supplying energy during physical exercise and in the adaptations during the subsequent regeneration period. Depending on the duration, intensity and frequency of physical exercise, there is a change in the concentration of anabolic and catabolic hormones, specifically testosterone and cortisol (18) . Changes in serum activity of muscle enzymes have been reported in normal subjects and cyclists after strenuous exercise (19, 20) . The amount of enzyme efflux from muscle tissue to serum can be influenced by physical exercise (21, 22) and measurement of these enzymes is used to track cyclist's training load (23) .
The fundamentals of training inducing adaptation for better performance are the cellular enzymatic-structural adaptation evoked by metabolic and hormonal changes during and after training sessions. These adaptations have to be done by optimized qualitative and quantitative training which constitute the background for improved performance in athletes. Recording these biochemical parameters helps in the assessment of the adaptation of athlete's training load (24) . Therefore, the purpose was to evaluate the effects of training load over four training phases i.e. I, II, III & IV on hematological, metabolic and hormonal profiles in elite male cyclists. The iron profile was used to investigate the prevalence of iron depletion and sports anemia among male cyclists (10, 25) . Enzymatic and hormonal profile may be associated with detecting and/or confirming any acute or chronic over training syndrome (23, 26) . The ultimate aim of our research was to establish scientific procedures for monitoring an athlete's training and to identify objective methods for the early detection of sports anemia/overtraining that can be implemented for routine assessment. Table- 1. The maximum heart rate was determined by graded exercise protocol on a cycle Ergometer. The blood sample was collected at the end of each training phase (1 day recovery between the phases) at 0830 a.m. for biochemical evaluation. The study was approved by the ethical committee of Sports Authority of India, India. The written consent was obtained from all participants and that our procedures were approved by our institution's review board for human subject's research.
MATERIALS AND METHODS
Protocol. Each cyclist was given the familiarization for ergocycle for 30 minutes in a day-1 and the graded exercise protocol for each cyclist subsequently regimented in day-2. In day-2, fifteen-minutewarm up was administered on bicycle Ergometer and thereafter on 1 watt/kg and 15-minute recovery was given before the graded assessment of heart rate lactate. The initial workload was 2 watt/kg followed by ½ watt/kg increment after every 2 minutes till the volitional exhaustion. During each stage heart rate and lactate was recorded and the speed lactate relationship was established and the workload at 4 mmol/L was identified. Blood samples were withdrawn from the subject's fingertip at the end of each exercise stage by pin prick.
Blood Analysis. Blood samples were analyzed for whole blood lactate concentration using an Analox P-GM7 analyzer (Analox Instruments, London, UK). The whole blood was used to measure the hemoglobin level, and serum separated from the whole blood was used to analyze ferritin, iron, and TIBC, CPK, LDH, testosterone, cortisol, and testosterone to cortisol ratio. Hemoglobin was estimated by the cyanmethaemoglobin method (RFCL Limited, India), ferritin by enzyme immunoassay method (CalbiotechInc, USA), iron and Total Iron Binding Capacity (Spinreact, Spain) was estimated by Persjin method. LDH and CPK (Spinreact, Spain) were measured by enzymatic method, hormones cortisol and testosterone (DRG Diagnostics, Germany) estimated quantitatively by competitive immunoenzymatic colorimetric method (ELISA). The testosterone/cortisol ratio was calculated from the value of testosterone and cortisol. The instruments used for these estimations were HITACHI UV-2000 Spectrophotometer (Japan), ELISA Reader-ELX800TM and Washing equipment ERBA smart wash (Biotek Instruments, USA).
Statistical Analysis. All results are expressed as mean (Standard Deviation). The analysis was performed by the statistical software MINITAB14 and Statistical Package for Social Sciences (SPSS) on MS Windows 9.0. Repeated measures ANOVA (One way analysis of variance) was used to determine the differences exists among the means and Scheffe's post-hoc test was used to determine which meant differ. Statistical significance level was set at the 0.05. 
RESULTS
The fluctuation of serum of biochemical profile in various phases of the training is presented in the table. The mean hemoglobin level increases significantly (p<0.001) from the first phase to the last phase. The concentration of ferritin decreases in II phase, whereas it increases in the third and fourth phases. The mean iron level increases significantly till phase III and then declines in the final phase (p=0. 001). Even though the change in TIBC level is not significant; there was increment in TIBC level from phase I to phases III and decrement in the Downloaded from aassjournal.com at 5:36 +0430 on Wednesday March 25th 2020 final phase. The CPK level was high in first and third phase, while it was low in second and fourth phase of training; the change in their level was not significant. LDH level increases from the first to third phase and decreases in the fourth phase of training significantly (p=0. 009). The testosterone level decreases in II phase and increases in phase III significantly (p=0.03). The cortisol level increases from the preparatory phase to competitive phase and in the fourth phase decreases significantly (p=0. 038). The mean T/C ratio level declines significantly from phases I to III of training (p=0.036). 
DISCUSSION
An athlete, to achieve the highest level of performance, should be properly trained. A properly trained athlete's body makes every cell function efficiently for attaining the peak performance. The training load and recovery can be measured by assessing the biochemical tests which are widely used to assess the health and fitness of an athlete. A total load of the training was described as the combination of intensity, volume and frequency. Therefore, it is the manipulation of these variables that will ultimately determine the outcome of a training and performance. Hence, the biochemical methods can play a key role in the examination, control of the degree of training and to improve the performance of athletes (21) .
A systematically applied, progressive training load will induce the physiological, psychological and biochemical systems of the body to adapt to the progressive stress of the training schedule and this helps in improving the performance (3, 16, 27 ).
An athlete needs iron to transport oxygen around the body to serve the demands of working muscles for the generation of energy (11) . It plays a critical role in the human body, even though the total amount of iron in the body is relatively small (3 to 5 g). Two thirds or more of this iron are in hemoglobin molecules found inside the red blood cells. Most of the oxygen transported in the blood is bonded to the iron in hemoglobin (28) . The present research shows that the hemoglobin level of cyclists increases significantly from the first phase to the final phase of the training cycle. The hemoglobin level alters with the training and is high during the competitive phase which is due to the low volume of 560 km (20 hours 15 minutes) and the lowest frequency of four times of E2S training (working at 80% of maximum heart rate) when compared with the first three phases of training cycle. None of the cyclist's hemoglobin level shows the anemic condition or pseudo-anemic condition that is <14g% (4) in any of the four phases of training cycle. Our result shows that the increase in the length of exercise does not induce a remarkable decrease in hemoglobin level and it is contrasted to the other studies (29, 30) .
The level of ferritin decreases in the second phase and increases in the phase III and IV of the training cycle. Fallon (31) found that athletes should have >30 µg/dL of ferritin that helps in the performance. The present study shows that 50% of cyclists in phase IIare having ferritin <30 µg/dL which is due to the increment of 21% of training volume, whereas in phase III the increment is only 6% and the depletion of iron store is more in phaseII. The repetition of E2S (working at 80% of maximum heart rate) training is more intense in phase II which impacts the large amount of iron depletion. The ferritin level is high in the phase IV and this level reveals that the iron depletion is less with the lowest volume, intensity and repetition of E2S training during this phase. The cyclists with low iron stores will not be able to recover after heavy training, circulating plasma ferritin is proportional to iron tissue storage, and hence, it is very much essential to maintain the ferritin level > 30 µg/dL for recovery and, in turn, to improve the performance of a cyclist. The pre-latent iron deficiency i.e. a decrease in total iron stores is seen in all phases but there is a high population of cyclists (50%) under this deficiency in the second phase. As there are several studies on iron profile in female athletes, the present research was done on male cyclists (32, 33) . Our study reveals that the ferritin level was lowered with increased training load and confirms the finding of Banister et al. (36) . As iron storage shown to improve sports performance (14, 37) , monitoring of ferritin level in male cyclists is mandatory during all phases of the training to prevent and detect anemia in the early stage (25) . The serum iron concentration increases significantly till the third phase and decreases in the final phase of training. None of the players' iron level showed the anemic condition that is <59.22 µg/dL (31).
Estimation of the TIBC level in athletes measures the blood capacity to bind iron with transferrin. The TIBC level of cyclist increases till phase III and decreases in phase IV of training; the increased TIBC suggests an increased need for iron. The significant increase in TIBC and a trend toward lower ferritin levels suggest that iron be removed from storage for hemoglobin formation. The demand of iron increases as the volume / intensity of training increases, so there is increase in TIBC level to use the maximum amount of iron available in the body (38) . Our results shows that 63% of the cyclist population in phase II are having TIBC>396.65 µg/dL because of the increase of 21% of training volume, whereas in phaseIII the increase of training volume is only 6%. Our study agrees with the findings of Noda (39) that the training load increases the total iron binding capacity (14) .
The present study confirms that the iron profile fluctuation depends on the volume, frequency/repetition, and intensity of training given to a cyclist and also shows the prevalence of sports anemia among the different phases of training cycle. Hence, the periodical examination of iron profile is indispensable to improve performance by avoiding anemia in the earlier stage itself.
An athlete performing heavy training induces muscle damage which results in elevation of enzymes like CPK and LDH. Leakage of intracellular CPK and LDH is indicative of local tissue damage induced by oxygen lack or mechanical trauma (19) . These enzymes like CPK and LDH are useful means of evaluating any increase in muscle stress or individual tolerance to muscular exertion (22) . The highest level of CPK and LDH is seen in phase III which is due to the highest training volume of 720 km and highest training intensity of E3 (81-90% of maximum heart rate), E4 (90-100% of maximum heart rate). The highest population of cyclists having a high CPK and LDH level is found in phase III which shows they are in severely overreached state. This result shows that the highest volume and intensity of training in phase III increases the CPK and LDH level the most. This considerable increase may be associated with the efflux of enzyme from muscle tissue to serum after intensive exercise. Both these enzymes CPK and LDH are valid markers for training load as its activity level was in peak during high intensity/volume of training given to cyclists (26) .
The present study examines two hormones that represent the major anabolic and catabolic profile in response to training load given to cyclists. Many researchers have reported that the endocrine system of athletes was affected during heavy physical stress and recovery (40, 41) . Testosterone is an anabolic hormone and is an essential ingredient to the development and maintenance of muscle mass (42) . The level of testosterone is lowest in phase II and this may be due to the higher frequency of E2S training (working at 80% of maximum heart rate). The exclusive finding of our study in testosterone is that the maximum number (ten times) of E2S training (working at 80% of maximum heart rate) in phase II has negative impact on testosterone level in cyclists (26) .
The hormone of cortisol is catabolic and rises after hard exercise as part of the stress hormone response (43) . Existing studies show that exercise that is of short duration and moderate intensity may not activate a cortisol response if glucose levels remain normal, although long durations and intense exercises will increase cortisol output to high levels as a function of metabolic demands on fuel homeostasis (44, 45) . Our research discloses that the cortisol level increases till phase III and decrease in phase IV. 75% of cyclists are having high cortisol level in phase III which shows that they are over-trained due to heavy training load in that phase and also reveals that the intense training raises the cortisol level the higher (26) . Increase of cortisol may be due to hypothalamus-pituitary-adrenal axis; heavy exercise can increase over activity of the hypothalamus -pituitary -adrenal axis and ultimately increases the cortisol concentrations in the body (46) .
The ratio of testosterone/cortisol is one of the most valid indicators of overtraining (43) . In fact, this ratio is representing of anabolic or catabolic condition in the body. This ratio reduces when overtraining occurs. The testosterone/cortisol level is high in phase I because of lowest training volume of 560 km and lowest training intensity of 60-80% of maximum heart rate. As training load increases, the testosterone/cortisol level decreases from phases I to III significantly. This confirms that the testosterone/cortisol ratio can be a useful marker for detecting/controlling over training. Thus, biochemical monitoring is mandatory during different phases of training to detect/prevent overtraining. 
CONCLUSION
The present study concludes that the biochemical profile alters with the training load given to a cyclist. Depletion of ferritin was lowest with the less volume and intensity of training. Pre-latent iron deficiency anemia (ferritin level <30 ng/ml) is seen in all phases of training and monitoring of iron profile throughout the training cycle is essential to detect/prevent anemia among the male cyclists. The activities of the enzymes CPK, LDH and the hormone cortisol level are high with the highest training volume and intensity during phase III which depicts the severely overreached state. Biological markers such as iron profile, enzymes and hormones can be used as early markers for/of an anemic state/over trained state. Therefore, our study confirms that these biochemical profiles can be used to monitor and assess the effectiveness of the training program, and it is mandatory to assess these biochemical profiles periodically to improve the performance of a cyclist by preventing sports anemia and overtraining.
